Objectives: The aim of our study was to explore the effectiveness of the combination of D-mannose, Salicin, and Lactobacillus acidophilus (La-14) in patients complaining recurrent symptomatic cystitis due to E. coli. other pathogens are Proteus and Klebsiella species, enterococci, Group B streptococci and Pseudomonas aeruginosa, but UTIs can be also due to the association of several pathogens with greater clinical impact and potential complications. Women are more likely to be affected by UTI than men, with an estimated incidence of 1 42 in 3 among females versus only 1 in 20 among males (14). The higher incidence of UTIs among women can be attributed to the shorter urethral length, which provides an effective barrier against bacterial contamination. UTIs can also be due to neurogenic bladder and it may result from decreased local immune defenses, impaired lower urinary tract function, bladder management (e.g. intermittent catheterism, indwelling catheter) and the coexisting condition of neurogenic bowel dysfunction. In any case an excessive use of antibiotics may also increase the UTI risk by altering the normal microbiota and increasing bacterial resistance. Treatment is generally multimodal and includes antibiotic and anti-inflammatory therapy together with dietary supplements and behavioral interventions. Recommended preventive measures such as adequate water intake, rhythm in urinary voiding and non-antibiotic prophylaxis (e.g., cranberry, urine acidifiers, probiotics) are not yet supported by evidence (3, 4). D-mannose has long been studied and has been shown to be effective and safe in treating and preventing UTIs also in neurological populations such as multiple sclerosis (2). Through its mechanism of action, it prevents bacterial colonization and invasion of the bladder by pathogens, and is effective in multiresistant UPEC (Uropathogenic E. coli) infections (5). In vitro studies have shown that D-mannose binds and blocks FimH adhesins positioned on the tip of type 1 bacterial fimbriae. During bacterial colonization, FimH binds to the glycoprotein-containing carbohydrate receptors on the urinary epithelium. D-mannose acts as a competitive inhibitor of bacterial adhesion as it has a structure similar to the binding site of glycoproteic urothelial receptors; in sufficient concentrations in urine, D-mannose causes saturation of FimH adhesins and therefore prevents bacteria from binding to urothelial receptors. In vitro studies show that the local application of D-mannose decreased the adherence of E. coli, Pseudomonas aeruginosa and Streptococcus zooepidemicus to urothelial endometrial cells in horses. Reduction of bacteriuria lev-
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INTRODUCTION
Urinary tract infections (UTIs) are among the most common infections in humans and affect both sexes and all age groups. Among them, cystitis is a clinical syndrome characterized by dysuria, urinary frequency and urgency, with or without suprapubic pain. The most common cause of cystitis is bacterial from common pathogens of the lower urinary tract. Bacterial cystitis is usually associated with bacteriuria and leukocyturia. In Europe, Escherichia coli (E. coli) is the most common uropathogen, accounting for up to 86% of all UTIs (1); els has also been confirmed by in vivo animal models of recurrent UTIs. A randomized, non-blind, placebo-controlled study to evaluate prophylaxis of recurrent urinary infections conducted on 308 women showed that Dmannose used for 6 months at a dose of 2 g per day was significantly more effective than placebo and as effective as nitrofurantoin 50 mg in preventing recurrence (6, 7) . Salicin (an alcoholic b-glucoside between glucose and salicylic alcohol), has anti-inflammatory properties (8) . Lactobacilli possess antimicrobial properties that regulate the urogenital microbiota. Lactobacillus acidophilus La-14 has shown excellent adherence to epithelial surfaces in vitro demonstrating inhibition of selected pathogens, including E. coli (9) (10) (11) (12) . The recurrence of urogenital infections leads to a change in local flora from a predominance of lactobacilli to coliform uropathogens. Therefore, the use of systemic probiotics containing Lactobacillus acidophilus that help to restore the microbiota has been proposed for the treatment and prophylaxis of bacterial urogenital infections (13) . The aim of the present clinical study was to evaluate the feasibility and efficacy of a new combined 2-phase approach in order to treat neurological and non-neurological patients affected by recurrent symptomatic bacterial cystitis mainly due to E. coli.
MATERIALS AND METHODS
Between July 2013 and September 2014, consecutive subjects attending to our Neuro-Urology clinic with diagnosis of recurrent bacterial cystitis, were enrolled in our study. Definition of symptomatic UTIs included the presence of at least 2 of the following symptoms: dysuria, new onset and/or worsening of urgency and/or urgency urinary incontinence, flank and/or suprapubic pain, worsening of muscle spasticity (in SCI and MS patients) and/or autonomic dysreflexia (in SCI patients) combined with a ≥ 10 5 CFU/mL at urine culture (in non-neurological) or ≥ 10 6 CFU/mL (in neurological population). Only adults between 18 and 80 years-old were included. Other inclusion criteria were: history of ≥ 3 acute episodes of recurrent symptomatic cystitis in the last year with at least two positive urine cultures for E. coli in the last 3 months before the screening, previous unsuccessful treatment with D-mannose and/or cranberry. Exclusion criteria was the presence of positive urine culture not due to E. coli at the screening, pregnancy, breastfeeding, haematuria, fever, any uro-genital abnormalities at ultrasound, history of any allergies to salicylates and/or D-mannose, any use of antiobiotics for any reasons within the last two weeks before the enrollment and overall during the study. All patients received an initial 5-days regimen consisting on an oral combination of 1000 mg of D-mannose plus 200 mg of dry willow extract (salicin) three times daily (attack phase, morning-midday-evening always on a full stomach), followed by 7-days with 700 mg of D-mannose plus 50 mg (1x10 9 CFU) of Lactobacillus acidophilus (La-14) twice daily (maintenance treatment, morning and evening on a full stomach). This latest combination (D-mannose plus La-14) was repeated at the same dosage for 15-days at each month for two months.
Changes in patients' symptoms was monitored at baseline (T0), 2-weeks (T1), 12-weeks (end of treatment, T2) and at one month after the end of treatment (T3) by a 3-days bladder diary and the Visual Analogic Scale (VAS). The efficacy in preventing new recurrences was assessed by repeated urine cultures during follow-ups.
RESULTS
Eighty-five patients were included in our study with a mean age of 45,2 years (range, 22-78). Forty-six out of 85 were affected by neurogenic bladder (Group B) due to spinal cord injury or multiple sclerosis (33 females and 13 males) with a mean age of 37,4 years (range, 25-54). Thirty-seven out of 46 neurological patients were managed by intermittent catheterization regimen. Seven patients in the Group B missed the T2 follow up, then were considered as drop out. None of the 39 non-neurological patients (group A) dropped out during the study. Patients with neurogenic bladder (group B) reported a decrease of mean VAS scores from 7.21 ± 1.90 to 3.74 ± 3.12 starting from the first days of treatment until the end of the attack and maintenance phases (T1), and maintained the result at T2 and one month after the end of treatment (T3). Symptoms at baseline were pain, urgency/frequency, urinary incontinence (Table 1) . Again, a decrease of the mean VAS scores during followup was also found in group A. This result was maintained at T2 and T3. The improvements in clinical symptoms in both groups (e.g. dysuria, frequency, urgency) were already significant 2 weeks after (T1) the beginning of treatment and these results were confirmed after the maintenance therapy (T2) and 1 month after the end of treatment (T3) ( Table 2 ). In particular, group A showed a significant decrease from 14.0 ± 2.6 to 6.9 ± 1.3 (p = 0.001) in daily urinary frequency at T1, a reduction that was maintained both at T2 (6.5 ± 1.2) and one month after the end of treatment (T3) 6.2 ± 0.9. In Group B, a significant reduction in daily urinary frequency from 15 ± 3 to 8 ± 3 (p = 0.001) was observed at T1, a reduction that was maintained both at T2 and one month after the end of treatment (T3). In this Group B we observed also a reduction of the incontinence episodes at the 3-days bladder diary in 11 patients managed by intermittent catheterization ranging from 4.2+/-0.60 (T0) to 2.8 +/-1,33 (T2) (p > 0.001). No significant side effect was reported during the treatment.
DISCUSSION
Urinary tract infections are still a major problem in clinical practice. Advances in antibiotic therapy have allowed clinicians to decrease the duration of treatment and drastically reduce the complications associated with UTIs but they have not reduced UTI frequency. On the other hand, an indefinite antibiotic prophylaxis would lead to selection of multiresistant microbial strains and exposure of the patients to serious infectious complications.
Various publications emphasize the importance of a moderate use of antibiotics. For this reason, research has focused on enhancing exogenous antibacterial defenses in the bladder. An attack treatment with D-mannose and salicin, followed by maintenance and/or prophylaxis therapy with D-mannose and probiotics was found to be effective in the treatment of urological infections, including recurrent bacterial cystitis (predominantly due to E. coli) also in different populations (neurological vs non-neurological) D-mannose acts to promote the elimination of bacteria from the bladder and Lactobacillus acidophilus helps to rebalance the intestinal flora, thus reducing the presence of E. coli, which could reach the bladder via the urethra. The administration of D-mannose in combination with salicin results in an additive anti-inflammatory activity of the two components in the treatment of inflammation and pain In addition, D-mannose and probiotics, administered in combination rather than separately, have demonstrated a surprising complementary activity resulting in a bacteria-repelling effect, which, unlike bactericidal or bacteriostatic effects, allows removal of the pathogenic bacteria/bacilli. Although statistics was limited due to the small number and heterogeneity of patients, the study shows that this combination may be effective in resolving sympoms of UTI. In addition, with the use of this proposed treatment we avoided to repeat antibiotics even in case of E. coli positivity during follow-up because of early solved acute symptoms at the first evaluation which was maintained also one month after the end of treatment. We are conscious that the main limit of this single-arm study was the lack of placebo-control. Again no comparisons with other possible treatment combinations or single use of any of these solutions was done, although we intentionally included patients who were already unsuccessfully treated with D-mannose and/or cranberry before study.
CONCLUSIONS
In our experience we found that the administration of an initial combination of D-mannose and salicin and a maintenance and/or prophylactic combination of Dmannose and probiotics, in particular Lactobacillus acidophilus, could be effective in the treatment and prophylaxis of recurrent cystitis with E. coli infection both in non-neurological and neurological patients. The treatment effectiveness can be measured with the resolution of cystitis-related symptoms. This combination treatment could be also promising as adjuvant therapy due to its bacteria-repelling, antiinflammatory and analgesic properties and rebalancing effects on the intestinal flora, leading to reduced antibiotic use and resistance. These positive results, obtained with these treatment and schedule, should be validated by further larger and randomized studies.
